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Abstract

The ink je print heads produced bgpectra utilize
piezoelectit materials shear mod movement b deflect
one pressure chambe wall,
differential for the ejection addrop d ink from the orifice
connected with th pressure cimber The response of a
piezoelectric transducdo the applied voltagedetermine

the characteristis of pressure pulses that drive the jets.
responses of

Direc¢ measurement ofthe dynamic
piezoelectric transducerat provice valuabk information
not only for a bette understanohg of the shea mode
movement but alsofor the optimizatiln of a print head
design. It also mvides reliable information to verify
numericalmodels that can bepplied quickly to various
aspects of futw printhead devdopmentwork. However,
owing to hgh operating frequency and tiny sheaode
movemen of the piezoelectric transdec the measwment
is often challenging.

This paper investigates the capability of taBeppler
vibromete in measurig the displacemnt of Specta’s shear
mode piezoelectric ansducer Measurements havbeen
conducted on a fully functional 128 jets 600 dpi
commercial compact print  heal (CCP128/600).
Displacements smaller than Q.0um at high jetting
frequerty have been successfully measured.hls been
demonstraté that laser Doppler ibbrometr can be
effectively used to evaluate printlteaynamics identify
potential problems, ve§ numerical modelsand optimize
the printhed designs.

Introduction

Drop-on-denmand ink jet printing is quickly beconing
the technology of choice fovarious printe markets. Using
advanced tehnologies in researchlesign ard fabrication,
Spectras state-of-art shear mode piezoelectric ink jettr
heads are nowapable of podudng Hgh speeghigh quality
printers fo numerous @mmercial ad industrial pinting
applications. As competition iprinting market continues,
the drive for highe performane and moe reliable
printheadlacesstringert demands on #hmethods used in
printhead development.

The Spectra shear mode pielectric printhed
employs a single piezoelectriatisducerto drive an array
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of drop-on-demandink ejectors. A well desig transduer
can maximize the shea moce displacemenfor maximum
pressure generation. At the same firieshal have little
impact on any otlr pressure chambefer minimum jet-to-

generating a pressure jet cross talk. For a long tima direct measuremerof the

shear motia or vibrationcharacteristics of #piezoelectric
transducein a functional pinthead, fi not impossible, has
been a ey difficult task due tathe tiny displacemenand
fragile structure. An ideal instrurent for the accurate
detectimm of transduc€s dynamics should besble to
measure the fimmovenent of piezoelectd transduer in a
very small region withoutdirect contact. Manwhile it is
desirable that the response time of instrumintshort
enough to catcthe fast movement at highefuercy jetting.

Laser interferometry is an essehtiield of optical
metrology and knds itself more ad more to industrial
applications because f oits noncontactio natue and
superior response time, resolutiondaaccuracy. Recent
advances in laser vibrometers radtkpossible to accurately
measue the displacemenénd \ibration in a delicate Spectra
commercial compact printhead.

In this paper, w investigaé the displacement fothe
piezoelectric transducén different operatingconditionsfor
a 600 dpi, 128 jets CCP 128/60@Qrinthead using laser
Dopple vibromete. Results have also been udedveriy
numerical models and imprethe pe&formance d printhead
in the future design.

Methods

The measuremérof the displacemenof piezoelectric
transducer was conducdteon a fully functional CCP
128/@0 printheal using an advaned lase Doppler
vibromete measurig system In the sections belowdetails
of the tested pnthead, laser Doppleiibrometr measuring
system and experiental setup adiscussed.

CCP 128/600 Printhead

As illustrated in Figure 1, the Spemt€CCP 128/600
printhea consistsof an on-head ik reservoir,an army
moduk assembly a manifdd/orifice plate assemblyand a
head interface iccuit bcard. The printheal is desigred to
print liquid UV light curable mks at ®0 dpiresolution. A
standard design an operate & a maximum printing
frequerty of 12 kHz. Tk sped may be increased
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considerabl to meet
applications.

the aguirenents of dfferent
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Figure 1. Spectra’s 28 jets, ®0dpi CCP Printhead.

The operation of this printhead based on Spectra’'s
shear mode technologyrhe heatr of the printhead is a
delicate array assemblyhe flex circuits on each sidef@an
array module ae connected to #helectrodes sputtedeon
the surfaca of piezoelectric transdecs to provide electrical
drive signals. The #ansducer is maal of lead zirconate
titanae (PZT) piezoelecte ceramics. It is epoxy boed to
the array module wh multiple pressurechambers. A
specia designed electrodeonfiguration can accommodate
shear mod polarization patterns and make thensducea
controllabke moving wall for eah pressure @mber An
electrical pulse applied tadesired electrode will pressurize
the ink in the pressure ciimber When the pressure wave
propagates to orifice plate, a drop of ink will be ejected.

To measure the displacentenof piezoelectric
transducer irthis study, a special windois opened a the
side of manfold collar as shown in Figar2. When the
array moduk is installed into the manifold assembly, the
surface of PZ becomes visible, allowinthe lase bean to
focus onany specift region of inerest.

Figure 2. Modified manifold assembly wit an opening on collar
for the meaurement 6transducer’s surface.
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Laser Doppler Vibrometer Measur ing System

Thelaser Dopplevibrometer measuring system used in
the experinent consistsof a laser optical sensor dk a
sensor controllefor power spply and signal processinga
printhea fire pulse generatp a CCD camem and an
oscilloscope for monitoring #ghprocess. This systemorks
according to the principteof lase interferomdry. Key
advantages of laser interferometng that it is completely
noncontactigy and noninvasive requiring only optical
access to the surfacef giezoelectic transduer. This
propety of requring only optich acces makes laser
interferometryided for monitoring a pint heads vibration
or displacement féares under normal jetting conditions.

In the lase Dopple vibrometer measurgn system
shown in Figue 3, acoheent He-Ne laser beam is separated
into object and refence beamby abeamsplitter BS1.The
objed beamtravek through beam splitter BS2 and is then
focusel to a point on the surface of piezoelectriatsducer.
The backscattered light is diveltby BS2 towardsbeam
splitter BS3, where the backscattered liffoin the object
interferes with the refence bam. An acousto-optic
modulate (Bragg cell) is usetb introduce drequency shift
on to the reference beamso motions towas and away
from the optical head can e distinguished The light
scatterd from the moving piezoelectric &nsducer
experiences Dopplerfrequency shift that is pportional to
the instantaneous velocitf the transduce The frequency
differene between object beam @mreferene beam is
clearlyvisible as a light intensity modulation, which cha
convertedo an eleatonic signal by the detector. &lsignal
can then b decodedd obtain velocity o displacement.

Print
Fire pube Head
Geneator —
Laser /
| ol
Controller

Figure 3. A schematic bthe laser Dgpler vibrometer measurg
system.

During experimentsthe laser Doppleritbrometr was
mountal on aworking table fo precisepositioning The
spot size of the laser beansimallenoudp such thatit coud
be accuratelyfocus@ on a single eleobde on which a
unipola high voltage pulse may b applied During the test,
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the measured amewas constantly monitodeby a video
camera andthe fire pulse wavefan and displacement
signals were displayed on an oscilloscope.

Results and Discussin

Using the CCP128/600 imtheadand lase Doppler
viboromete measuring system desoeth above, the
displacements of piezoelectriatsducer at arious jetting
conditions were investigated. Some of the test rewllt be
discussed below.

Figure 4 shows a normalidelisplacenent as afunction

of drive voltage It is clear that th displacement increases

linearly with the increag in drive voltage This resut is

expecte beause the piezoelectric material is essentially a

linear device.

Normalized Displacemen

0.5

0.75 1
Nor malized Dri ve Voltage
Figure 4 PZT dispacemehasa function of drivevoltage

It has been found that the systecan measue the
displacemen smaller than ©2 um at high jetting
frequerty. Figure 5 shows a normalized @gmic response
of piezoelectric tnsducer measured at a jeanthe center
of array. The displacement is positive whenettransduer
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Jes crosstak can alter the pumping chamber pressure.
As a result drop Jecity and volune may le affecied,
causig image dfects or een jet outagesTo exanine the
effects of jet to jecrosstalk the displacemenof inactive
neighboriry pressue chamber was measuredAlthough the
displacemen of crosstalk is much smaller, the highly
sensitive laser Dopplevibromete can detet the small
changes successfully as we can see in Eidur The
crosstalk becomes negligible eha measuemert is made
several jets away from the agighamier. Sud an example
is shown in Figure 7, where @hdisplacemeh signd is
hardly detectable.

0.5

Disp

Figure 6. NormalizedPZT disgdacemeh one chamber away from
the active pressure chiber.

0.5

Disp

Figure 7. NormalizedPZT disdacementdur chambers aay from
the active pressure chiber.

movesup. This mowement increases the volume of pressure

chamber It is evident from Figue 5 that after the
applicatiom of a fire pulse, the displacement drases,
indicating that piezoelectricansducer shars and moves the
wall of pressure chmber up. Conseantly ink beginsto fill
the chambe A short period b time later, displacement
starts to fall, signaling the return of transducer btacks
resting positionInk in the pressurehambe is compressed
during this stage and pressure pulse is created, ahiis
the driving force of next jet. It takes some time fdhe
transducer to settle down completeue to a small
overshootand ringing whenthe fire pulsereturnsto ground
level in the experimental pulse generator.

1.0

Disp

Figure 5. NormalizedPZT disdacement tan active bamber.
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Above exanples show that laser Doppleibrometer
can provides veryuseful quantitatig information on
printheal performance This can hip us to igntify the root
cause of some failure modes amtifcountermeasures.

Spectra has been actiyalising numerical analysito
guide the designs 6 various pmtheads. Numrical model
tess are aimed at replacing the #&ditional, expensive
practice of physical modelests. However detaild and
accurate laboratory measurements are estetui@ards
sufficient confidence in these numerical models. Laser
Dopplea vibromete is an indispensable tool to validate the
numerical method ahimprove the accuracyf numerical
models With our couplé field finite elementmodels, we
are now abldo predict the shear madisplacemenwell
within the rang for practical use.

The application of laser Doppler Norometer is not
limited to the measuremenof the displacemen of
piezoelectric transducem a pinthead It can relialy
provide many othe important features of the system
dynamics, particatly the frequency responsesand
vibration characteristicsSpectais constantly improwg the
printheadperformane based on the valuable information
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Conclusion Spehrley, D. Wrightand themembers ofCCP technology
developnent team for their dforts, support and vasble
We have found that las®opple vibrometer hasigh  comments.
sensitivity capable of detecting the dynamics of a
piezoelectric transducePractical application of thlaser
Doppler vbromete has demonstrad the vability of the
appro&h as a vey usefulengineerirg tool for the evaluation
of a printheal performanceand for the optimization of
future printhead desigrexperimental results have emtied
our knowled@ on the sheamoce piezoelecte printhead,
verified numerical models and provided valuable
information for the optimization d CCP 128/60 printhead.
Spectra is continually exploring the advanezderimental
methods @ér the dvelopment o high peiformance
piezoelectric printhads.
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